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1. Introduction which inhabit the exterior parts of the plant, 
generally called epiphytes, and those that live 
inside the plants are endophytes. Phyllosphere 
microorganisms colonize the leaf surface, and 
those which populate regions closest to the 
root system are the most abundant 


As sessile organisms, plants are under 
endless attack by microbes entering them for 
nutrients, shelter, and survival. Mutualistic 
and parasitic microorganisms colonize the 
above and below-ground parts of the plant. 
These microbes could be divided into two 
groups according to colonization areas, those 


microorganisms, known  as_ rhizosphere 
inhabitants (Dong et al., 2019; Sivakumar et 
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al., 2020). The rhizosphere microbes are 
attracted to the root system because of root 
exudates (Lakshmanan et al., 2014). The 
exudates differ according to the plant's 
developmental stages and _ physiological 
conditions (Choudhary et al., 2016). The 
conscription of microbes to the root regions 
results from plant exudation and has a diverse 
role in the growth, development, and 
inhibition of host pathogens (Philippot et al., 
2013). This association suggests an 
interdependency between the host plants and 
microbes in the above and below-ground 
environments. 


Sustainability is the capability of the 
ecosphere and human society to live together. 
Three main factors compose sustainability: 
society, Environment, and economy (Naamala 
et al., 2016). So, it is significant to scheme 
economically affordable mechanisms to 
implement approaches to protect resources, be 
Environment friendly, and have social 
acceptance. Knowing enough about the tools 
and pathways of critical values necessary for 
conniving strategies to face increasing global 
food demand without destroying the 
ecosystem is essential. Diverse 
microorganisms in contact with plants consist 
of organisms living on surfaces, within cells, 
and in the soil near the root interfaces of the 
plant (Cepeda, 2012). 


Various microbial groups impact plant 
health, growth, development, and_ yield 
positively or negatively. Indirectly, microbes 
could become a source of negativity, such as 
the initiation of diseases in plants, the 
manufacture of phytotoxic elements, the 
encouragement of soil-borne microorganisms, 
and the reticence of seed germination (Daisley 
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et al., 2022). The existence of particular 
pathogens in agriculture can bring complete 
crop failure. If the situation is so, the farmers 
need blanket extinguish 
harmful microbes' threats (Watson et al., 
2002). 


approaches to 


Beneficial microorganisms have numerous 
roles and actions within the agricultural sector 
that are significant for plant sustainable 
growth and development (Sundh et al., 2021). 
Plant growth-promoting bacteria have been 
reported to play an essential role in 
maintaining the soil's physical, chemical, and 
biological properties by accelerating nutrient 
and water uptake, particularly in abiotic stress 
one of the main hurdles in 
development and _ yield 
(Abdelaal et al, 2021). 
microorganisms and 


situations, 
agricultural 
improvement 
Unearthing 
assessing their efficiency would be significant 
for high-yield sustainability in agriculture 
(Herman et al., 2019). 


novel 


2. Plants microbe interaction 


During their life, plants continuously 
interact with diverse microorganisms, such as 
pathogens, symbionts, and commensal. These 
microbes' interactions could significantly 
impact plants’ vital traits, including their 
growth and resilience against biotic and 
abiotic stress and shelf life. Pathological 
microbes severely threaten the growth and 
yield of plants 
worldwide. However, the interaction between 
plants and microbes may have positive or 
negative effects according to the types and 
nature of plants and microbes and _ their 
circumstances (Compant et al., 2019). The 
genes of microbes in the microbiome that 


with plants their 


essential crop 


interact have genetic 
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repertoire and can improve the host plant's 
adaptation to an environmental perturbation 
or prevent it from performing (Douglas and 
Werren, 2016; Lopez-Mondeyjar et al., 2017). 
So, it needs a meticulous investigation to 
isolate the beneficial microbes from 
microbiomes and use them for crop growth 
improvement, yield enhancement, and cost 
reduction. 


3. Sources of microbial contamination 
3.1 Plastic as microorganisms host 


Food, fruits and vegetables have significant 
nutritional and health impacts 
established for a long time. Plants, mainly 
comestible vegetables, and other crops host 
various microorganisms on their surfaces. 
Some recognized _ bacterial 
sources include contaminated manure, 
irrigation water, soil, livestock, wildlife, and 
several other factors, mainly plastics, that 
cause the occurrence, destiny, transportation, 


values 


contamination 


survival, and proliferation of pathogens in the 
vast diversity of bases where they are active. 
When pathogenic bacteria are introduced into 
the growing Environment, they colonize the 
plants and remain attached to fresh produce 
through several mechanisms. 


3.2 Contamination prevention 


To guarantee production protection on a 
sustainable scale, it is imperative to properly 
recognize the paths of pathogen's entry, 
fortune, carriage, establishment, and survival 
in the agricultural Environment like soil, 
irrigation water, manure, seeds, and other 
tools and sources. Rhizosphere microbiota has 
been widely and deeply studied for decades; 
however, leaf microbiota and biofilms in 
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irrigation systems are still ineffectively 
explored. The sources of microbiota on plant 
leaves have not been fully known until today. 
Phyllosphere is diverse in structure, and 
microorganisms can enter via air, soil, plants, 
animals, insects, birds, and other 
circumstantial materials (Vorholt, 2012) 


water, 


4. Plastic use and challenges 
4.1 Plastic a need of everyday life 


Plastic use is inevitable in daily life and 
can be noticed on beaches, streets, gutters, 
storm drains, wedged in trees, behind bushes, 
and stomachs of dead animals in massive 
quantities (Pacific, 2019; Rodrigues et al., 
2019). Plastics are ubiquitous, and 
investigators are just beginning to know how 
to handle the adverse effects of rising plastic 
pollutants on the ecosystem (Forrest et al., 
2019). The range of plastic contamination and 
its impacts on the biosphere is alarming and 
needs massive strategies to deal with the 
challenges (Almroth and Eggert, 2019; Gross 
and Enck, 2021). The contributors to plastic 
pollution are significant in numbers and 
unavoidable. Plastics can potentially interfere 
with the life activities of humans, animals, 
forests, oceans, and agriculture, highlighting 
the emergency for developing vital tools and 
approaches to solve the problem of plastic 
pollution (Chae and An, 2018; Vriend et al., 
2021). 


4.2 Plastic production 


Plastic products are a matter of routine use 
worldwide, and their kinds and amounts of 
utilization differ by area and region, which 
depends on mechanization and supply chain. 
In 2021, 390.7 million tonnes (Mt) of plastic 
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were produced globally. 90.2% of the 390.7 
million tonnes of plastic is fossil-based, 8.3% 
post-consumer recycled, and 1.5% _bio- 
based/bio-attributed (Fig. 1). In North 
America (18%), EU27+3 (15%), China (32%), 
Japan (3%), Latin America (4%), Middle East 
Africa (8%), the rest of Asia (17%) and CIS? 
(3%) of 390.7 million tonnes plastic were 
produced (Fig. 2). 4% of this global plastic 
was used in farming, gardening, and 
agriculture in 2021. 


5. Plastic application in agricultural 


The plastic product application broadly 
involves protecting, distributing, retailing, and 
maintaining quality in agriculture, livestock, 
aquaculture, and fisheries. The main types of 
agricultural plastic include surface mulching 
films, tunnels, greenhouses, nets, irrigation 
tubes, fleece, driplines, sacks, bottles, silage 
films, coatings on fertilizers, pesticides, seeds, 
fruit protectors, plant protectors, ropes, lines, 
traps, enclosures, bale wrap, plastic bags, ear 
tags, tree shelters, fishing gear, pesticide 
containers, polymer-coated controlled release 
fertilizers, nets used for aquacultural and 
fisheries operations (Fig. 3) (FAO, 2021). 
These ubiquitous plastics carry possible 
microorganisms which induce health risks to 
plants and produce consequences. Plastics 
carry pathogenic microbes and support the 
genetic element's horizontal exchange in the 
niche, which can initiate pathogen evolution 
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in a virgin habitat (Maraveas, 2020; Serna- 
Abascal et al., 2022). The specific interaction 
mechanisms and impacts of plastic-associated 
microbiomes on crops remain unknown. 


6. Plant-microbe interaction investigation 


Understanding plant-microbe interaction 
includes genetic, molecular, and biochemical 
approaches; however, the recent past has 
witnessed important technical innovations in 
cryo- 
to view 


super-resolution microscopy and 
electron microscopy techniques 
microbes at the nanoscopic level. Moreover, 
new tools and algorithms for live imaging and 
data processing have been established, and 
evolving subfields in cell biology extend 
researchers more 
mechanistic studies. Overall, current advances 
in cell biology provide extraordinary chances 


valued viewpoints for 


to study plant-microbe interaction at the 
cellular, molecular and nanoscopic levels (Dal 
Cortivo et al., 2017). Advanced RNA., DNA., 
genome, proteome certification, and analysis 
techniques are used to discover plant-microbe 
interaction mechanisms for crop improvement 
(Douglas and Werren, 2016). If the features of 
microbial communities in the rhizosphere, 
phyllosphere, and on the surfaces of the 
irrigation system are beneficial and influential 
could be used as a sustainable alternative for 
crop improvement and productivity in long- 
term schemes (Vishwakarma et al., 2020). 
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Figure 1. Global plastics production in 2021 (Data source: Plastics Europe e.V., 2021) 
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Figure 2. Worldwide distribution of plastics production in 2021 (Data source: Plastics Europe 


e.V., 2021). 
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Figure 3. Use of plastic in agriculture for 
different purposes. A: Mulching films, B: 
Bunker covers, C: Bale nets and twines, D: 
Ropes, E: Fishing nets, F: Hydroponic 
irrigation pipes, G: Plastic cane as pots (ISBN 
978-92-5-135402-5. OFAO, 2021) 


7. Plant microbiomes 


Plants are exposed to various communities 
of microorganisms, and microbiota colonizes 
all accessible tissues. The microbiome resides 
in the endosphere, phyllosphere, rhizosphere 
nutrient solutions, and irrigation system, 
creating host-plant interaction (Fig.4). 
Environment induces interactions and 
increases plant resilience to subsequent 
stresses (Naylor and Coleman-Derr, 2018; 
Trivedi et al., 2020). Promising advancements 
have been made in recognizing the impact of 
the microbiome on plant growth and 
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development, but the traits responsible for 
plant resilience to environmental conditions 
need to be identified. The advanced research 
on plant-microbiome interaction is essential 
for forecasting and evaluating the effects of 
climate alteration on key competence and 
diversity. 


7.1 Phyllosphere microorganisms 


The phyllosphere is an ecosystem, unlike 
the rhizosphere and endosphere (Enespa and 
Chandra, 2022). The phyllosphere contains 
prokaryotes, eukaryotes, viruses interacting 
mutually, and their host plants (Lindow and 
Brandl, 2003). Limited nutrient availability 
and changing climatic circumstances make 
the phyllosphere an active and _ stressful 
environment for its microbiomes (Couée et al., 
2006; Trouvelot et al., 2014). Future 
investigation into phyllosphere microbiomes 
and stimulants may clarify the mechanisms 
and operations that regulate the connection 
between plants and microbiomes in the 
atmosphere. 


7.2 Endosphere microorganisms 


Microorganisms called endophytes which 
penetrate and inhabit the internal tissues of 
plants, create the endosphere microbiome. 
The scientific community was with opinion 
for a long time; plants with no indications of 
illnesses have no microorganisms, generally 
bacteria (Compant et al., 2021). Endophyte is 
a habitat containing all those microorganisms 
that spend entire or part of their life in internal 
tissues (Hardoim et al., 2015). Endophytic 
microbes have drawn much attention because 
of their mysterious interaction with plants. 
Having enough knowledge about endophytic 
microbial life the endosphere is still taken as a 
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habitat with no fit conditions for microbial 
diversity (Theis et al., 2016). So, it is critical 
to investigate endophytic microbial groups, 
existing environmental factors, and their roles 
in improving plant growth and development 
with their impacts on yield. 


7.3 Rhizosphere microorganisms 


A thin area of soil around the roots of a 
plant which is influenced by numerous factors, 
such as root exudates and related soil 
microorganisms, is termed a _ rhizosphere 
(Chesworth, 2008). The rhizosphere is a 
significant portion of soil that is accountable 
for several metabolic processes, like the 
cycling of nutrients and carbon uptake (Ng 
and Ng, 2014; Singh, 2013). The roots of 
plants generate an interface between the soil 
environment and the plant, which hosts a 
massive pool of microbial communities 
(Hakim et al., 2021). The rhizosphere 
contains diverse microorganisms such as 
bacteria, algae, parasites, fungi, and viruses 
(Kumar and Dubey, 2020). Rhizosphere 
microbiota shield plants against 
phytopathogens and promotes plant growth 
and development by producing plant growth 
hormones. It also helps plants resistance 
against environmental unrests like irregular 
variations in temperature, salinity, drought, 
and all other harshnesses (Burghardt, 2020; 
Lu et al., 2018). However, discovering the 
mechanism present under the interaction of 
plants and rhizosphere microorganisms still 
needs further investigation. 


8. Advanced probing tools and techniques 
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Currently many microbial investigating 
tools and techniques are available including 
microbial cultivation by plating methods, 
electron microscopy-SEM-TEM (Goldsmith 
and Miller, 2009; Wisse et al., 2010) , nucleic 
acid extraction, DNA sequencing, PCR/qPCR 
(Del Mar Lleo et al., 2000; Garibyan and 
Avashia, 2013; Khan et al., 2016; Overbergh 
et al, 2003; Pagano et al., 2011; v. 
Wintzingerode et al., 1997), clone genomic 
libraries, stable isotope probing, microarrays, 
generation technique (NGS) 
metagenomics (Marchev et al. 2021), 
transcriptomic (Handelsman, 2004; Khan et 
al., 2021), proteomics (Khan et al., 2022), 
molecular finger printings techniques, 
denaturing gradient gel electrophoresis 
(DGGE) (Al - Mailem et al., 2017), terminal- 
restriction length polymorphism (T-RFLP) 
(Portillo et al., 2011), temperature gradient 
gel electrophoresis (TGGE) (Ritchie et al., 
2000), single-strand 
polymorphisms (SSCP) (Johnston - Monje 


next 


conformational 


and Lopez Mejia, 2020), ribosomal internal 
spacer analysis (RISA) (Osborn et al., 2000) , 
length heterogeneity-PCR (LH-PCR) 
(DeAngelis et al., 2011), random amplified 
polymorphic DNA (RAPD) (Bardakci, 2001; 
Broadway, 2012) and biosensors (Gavrilas et 
al., 2022) etc. However, the methods, tools, 
and techniques are selected according to the 
need of the research goals and directions. 


9. Conclusion 


The rising global population at an alarming 
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Figure. 4. Plant microbiomes classification (Enespa and Prem Chandra, 2022) 


rate requires enhanced crop production to 
sustain the world's food needs supply and 
ensure agricultural sustainability. Missing 
feasible replacements for plastic use in 
agricultural activities made it impractical to 
avoid their utilization, and there are no silver 
bullets to eradicate the challenges due to 
plastic application. Plastic use in agricultural 
activities may have worthy advantages in the 
short term; however, long-term negative 
impacts cannot be overlooked, particularly as 
microbes host. Detection of microbiomes in 
rhizospheric, phyllospheric, and endophytic 
zones of plants and the mechanism of their 
interactions are highly important. A wide 
range of advanced tools and techniques is 
available which could be applied to achieve 
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comprehensive knowledge about microbes' 
diversity, interaction mechanism, and positive 
or negative impacts on plants, especially 
crops. Understanding the microbe's diversity, 
lethality, and positive roles in a particular 
habitat will enable scientists to design 
precautionary measures against contamination 
and subsequent losses. The isolation and 
identification of beneficial microbial strains 
could be used in crops to achieve commercial 
targets. A comprehensive understanding of 
the underlying mechanism in plant microbes' 
interaction is necessary, which could be 
reached via novel methodologies and protocol 
optimization. The development of precautions 
and principles applied in sampling, packing, 
preservation, storage, transportation, and 


38 


Journal of soil, plant and Environment 


disposal to minimize the risk of contamination 
is also a substantial need. 
10. Future perspectives 


From the commercial point of view, it 
would be valuable to recognize the strains and 
their roles in a crop cultivated in a particular 
environment rather than detecting whole 
microbiota. The investigations should focus 
on the microbes in nutrient solutions, 
irrigation systems, all agricultural use plastics, 
and plant parts above and below ground. 
Knowledge of molecular mechanisms 
underlying plant-microbe interaction will be 
useful for manipulating and developing 
strategies in the future. Disclosing microbial 
effects on resource use efficiency in the crop 
will facilitate precise cost-effective analysis. 
Identifying novel plant growth-promoting 
microbes will reduce agricultural costs and 
environmental pollution. Genetic and 
chemical analysis of exudates is essential to 
understand microbe's recruitment in the 
rhizosphere. Comprehensive elucidation of 
plastic microbiomes' nature and _ their 
interaction with plants is crucial to better 
manage the damaging risks in the agricultural 
economy. Identified beneficial microbes 
could be used to improve plant growth and 
production. It will provide the foundation for 
the enhanced governing system with broad 
plastic application in agricultural practices 
locally and globally. 
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